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ABSTRACT
When a task is boring, repetitive, and takes place over a long period of time, individuals
have a propensity to experience a gradual decline in performance known as the vigilance
decrement (Mackworth, 1948). This negative trend is consistent across most populations (Davies
& Parasuraman, 1982), though slight variations can occur based on the characteristics of the task,
as well as characteristics of the human performing it. However, despite the many differences
between these tasks, most studies are similar in the sense that, more often than not, participants
are provided with immediate feedback on their performance throughout most laboratory trials.
Yet, in applied settings, feedback is not always feasible. In fact, in many circumstances, if realtime feedback such as this was always available, then the role of the human component of the
system may be brought into question. This also may be concerning for validity of laboratory
studies which utilize feedback. Therefore, one goal of this experiment, as well as future work, is
to continue to assess the importance of feedback by examining differences in performance on a
vigilance task during which feedback may or may not be present.
In addition to recent work relating to feedback, many current studies have also examined
individual differences in the context of vigilance. Interestingly, it has been shown that
performance accuracy often correlates to measures of higher order processing abilities including
inhibition, which a component of working memory (Smallwood & Schooler, 2006).
Additionally, when working memory load is increased, vigilant behavior also declines (Helton &
Russell, 2011). Therefore, an additional goal of this study was to determine how performance
relates to individual differences in higher order cognitive processing, such as working memory
capacity and need for cognition. It was found that feedback does significantly improve
ii

performance, which is worth considering as issues relating to vigilance decrements are addressed
in applied environments. The individual differences measures did not yield any significant
results.
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Introduction
In a time of rapidly-evolving, ever-expanding technological advancement and
dependence, the success of many industrial, educational, and military endeavors is contingent
upon the quality of human-machine interactions. However, the relationships between people and
their technology are often far from perfect, and the results can be personally and professionally
detrimental or even compromise public safety. One important, commonly-studied example of
this type of shortcoming is known as the vigilance decrement. When tasks are mundane,
repetitive, and lengthy, individuals have a propensity to experience a gradual decline in
performance over time. This negative trend is generally consistent across most populations
(Davies & Parasuraman, 1982), and, with few exceptions, almost everyone falls victim to
vigilance decrements. Traditionally, it takes approximately 15-20 minutes for notable declines in
performance to occur (Mackworth, 1948). There is also an extensive taxonomy of vigilance tasks
which ranges from the classic, theoretically-grounded Mackworth Clock Task which is used
solely in laboratory settings, to visual monitoring or cyber defense tasks which are more
analogous to specific, applied situations (Warm & Dember, 1998).
However, despite their many differences, these tasks are united in the sense that, more
often than not, participants are provided with immediate feedback on their performance
throughout most laboratory trials. The decision to provide feedback is logical as doing so is easy,
and possessing an accurate knowledge of results (KR) has proved to be helpful in mediating
decrements (Szalma et al., 2006). KR is information about the outcome of a goal, and differs
from knowledge of performance in the sense that no information is provided the individual about
how the outcome was achieved (Salmoni, Schmidt, & Walter, 1984). For example, in an early
1

study conducted by Jane Mackworth (1964), participants were either provided with accurate KR,
false KR, or no KR throughout a Mackworth Clock Task in the form of immediate feedback
upon the commitment of a mistake. The best performances were associated with an accurate KR.
False KR yielded moderately successful performance, and participants who received no KR, by
far, performed the worst and declined at a similar rate to the false KR group. In addition to
mitigating the performance decrement, providing feedback also improves overall reaction time
(Church & Camp, 1965).
Yet, despite these benefits to effectiveness and efficiency, feedback is not always
provided in applied settings. In fact, in many circumstances, if real-time feedback such as this
was available, then the human component of the system would not be necessary in the first place.
This may bring the validity of applied studies which utilize feedback into question.
Consequently, one goal of this experiment, as well as future work, is to continue to assess the
importance of feedback by examining differences in performance on a vigilance task when
feedback is and is not present.
In addition to recent work relating to feedback empirical research has also examined
individual differences in the context of vigilance. The impetus driving this particular line of
research is the need for a thorough understanding of the cognitive scaffolding which underlies
slight but highly important variations in human performance on vigilance tasks (Matthews,
Davies, Westerman, & Stammers 2000; Grier et al., 2003). Working memory capacity (WMC) is
one such individual differences measure, and is of particular interest for this study due to its
possible relationship with the cognitive processing associated with feedback. Working memory
(WM) is the transitory processing, parsing, storage, and retrieval that individuals depend upon in
2

order to complete cognitive tasks (Baddeley, 1982). Unlike long-term or sensory memory, which
are vast and do not have established, theoretical limits, working memory has a capacity which
dictates the amount of information that a given individual is able to simultaneously process
(Cowan, 2008).
To clarify, WMC is not a measure of intelligence (Unsworth & Engle, 2005). Rather, it is
a value which represents the availability of higher order resources; and individuals with high
WMCs are therefore able to accomplish more cognitive processing with the same amount of
effort as their lower WMC counterparts. Ultimately, WMC represents an indicator of proactive
control abilities (Richmond, Redick, & Braver, 2015), and is best measured with span tasks
which utilize simultaneous processing paradigms (Conway et al., 2005).
Specifically, WM is a worthwhile construct to examine in the context of vigilance
because, though vigilance tasks themselves are simple in design, their continuously-changing
nature and characteristics (such as the presence of feedback) affords additional cognitive
complexity which may compromise the performance of those individuals with low WMCs. This
relationship is implied by the direct cost model of vigilance, which has gained an exponential
amount of support in modern literature (Hancock & Warm, 1989; Warm, Parasuraman, &
Matthews, 2008; Szalma, 2001). The direct cost model states that decrements are the result of a
depletion of mental resources over time. Though the act of waiting for a critical signal during a
vigilance task is visually passive, it is mentally active as many components of higher order
processing are at play. Continuously taking in new information (such as performance feedback)
while simultaneously disregarding old information, avoiding false alarms, and ignoring
distractions requires a great deal of cognitive resources (Grier et al, 2003).
3

Additionally, the direct cost model is supported by a massive collection of studies which
examine the nature of vigilance tasks themselves, self-report scales, individual differences, and
physiological measures. For example, the Sustained Attentional Response Test (SART) measures
one’s ability to inhibit improper responses relative to the population (Robertson, Manly,
Andrade, Baddeley, & Yiend, 1997). Inhibition is a component of working memory, and also
plays a role in preventing false alarms (Jonides, Smith, Marshuetz, Koeppe, & Reuter-Lorenz,
1998). In a study conducted by Smallwood & Schooler (2006), it was shown that SART scores
have a highly significant, positive correlation with individuals’ performance on vigilance tasks.
In another study conducted by Helton and Russell (2011), it was shown that increasing verbal
working memory load will negatively impact vigilant behavior as there appears to be a direct
cost trade-off taking place between processing and decision making.
Another individual differences measure of interest is need for cognition (NC). NC is
defined as a natural inclination towards activities which are mentally stimulating and require
effortful cognitive processing. Such pursuits may include, but are not limited to, completing
critical thinking puzzles, learning to read music, writing books, etc. (Cohen, Stotland, & Wolfe,
1955). Having a low NCS score is not directly indicative of seeking out under-stimulating
activities. Rather, this classification represents happiness at levels of cognitive stimulation which
are no different than normal. Those who have a high NCS score are the individuals who go
beyond what is necessary to function in everyday life. On the other hand, those who have a low
NC tend not to seek as much cognitive stimulation, have a propensity towards procrastination,
and often engage in social loafing (Schuller, 1999; Haugtvedt, Petty, & Cacioppo, 1992). There
appears to be little to no research conducted about how one’s NC relates to sustained attention or
4

performance on vigilance tasks. Rather, this factor tends to be more often studied using brief,
visually variable stimuli, such as videos of crimes for eyewitness testimony (Leippe, Eisenstadt,
Rauch, & Seib, 2004) or advertisements designed to elicit consumer behavior (Haugtvedt, Petty,
& Cacioppo, 1992). Though vigilance tasks themselves are not necessarily enjoyable, different
individuals may approach them in different ways (i.e. an opportunity to challenge oneself versus
an irritating chore), and that perspective may impact performance.
Hypotheses
As a whole, working memory is a clear contributor to vigilance behavior and may
provide interesting results in terms of performance feedback. It is hypothesized that, in the
feedback condition, individuals with a larger WMC will commit fewer errors over time as they
are able to process additional simultaneous information, and thereby extrapolate more from the
provided KR. In the no feedback condition, the decrement will be more severe overall, but there
will be little to no difference between the low and high WMC groups. In terms of NC, there will
be no difference between low and high individuals in the no feedback condition. However, for
the feedback condition, individuals with a higher NC will experience a less severe decrement
because they are more likely to devise pleasure from the task or view it as an opportunity to
challenge oneself.

5

Method
Power Analysis
An a priori power analysis was conducted using G*Power (Faul, Erdfelder, Buchner, &
Lang, 2009; Faul, Erdfelder, Lang, & Buchner, 2007). The effect size (f=.4) used for this
procedure was obtained from values from similar effect sizes observed in previous empirical
findings (Parasuraman & Davis, 1976). In order to achieve 95% power, this experiment requires
a sample size of 24 participants.

Participants
41 undergraduate students from UCF participated in this study. They were recruited via
the UCF SONA research participation system, as well as fliers posted around the campus.
Individuals received 2 credits (one for each hour) in exchange for their time if they were enrolled
in a course which requires active research involvement. Otherwise, participation in this study
was completely voluntary. Demographic questions were used in order to identify individuals
who had ingested caffeine immediately prior to the study, had been previously diagnosed with a
neurological disorder, or were under the influence of a physiological stimulant (Adderall,
cocaine, etc.) via self-report. No participants needed to be removed from any analysis per this
criterion.
A total of eleven participants were excluded in the final analyses. One fell asleep during
the protocol, and another was chewing gum (Morgan, Johnson, & Miles, 2014). One participant
became incredibly angry during the task, talked to herself for a short period of time, kicked the
6

table, and turned around to stare at the researcher for several minutes. Two participants were
visibly not putting forth any effort, stopped responding to the stimuli mid-trial, and looked
around the room on multiple occasions. Two participants indicated that they did not understand
what was expected of them after the vigil and did not manage to indicate any correct
detections—one stating “I just didn’t get it,’ and the other insisting that there was some sort of
trickery built into the feedback when this was not the case. The remaining four individuals were
wearing electroencephalography (EEG) equipment and had longer set-up times than other
participants, and their inclusion may have presented possible confounds. Due to technical issues
and time constraints, the use of EEG for this study was not possible (see Appendix A).
Participants were free to end their participation at any time, though none did. This study was
approved by the UCF Institutional Review Board prior to recruitment and collection (see
Appendix F).

Materials
This study took place in room with no external windows that is located behind several
locked doors, minimizing extraneous noise to the greatest possible extent. Furthermore, there
were no clocks or any indicators of time displayed anywhere during the vigilance portion of the
experiment. There is a small fan available should the room become too warm, though this was
not an issue. The participant’s chair is heavy and does not swivel because that may present a
distraction. There is darkened glass around the door to the experimental space, and the researcher
sat at a table approximately three feet behind the participant throughout the vigil. The
experimenter did not use any electronic devices which could have introduced noise, and instead
7

entered information into run sheets, updated SONA credit, and viewed scripts using silent touch
screen devices.
The vigilance task is a go-no-go variation of a Mackworth Clock. It consists of a large
circle which has a diameter of 480 pixels, and is comprised of sixty outlines of circles which
each have a diameter of 9 pixels. A white dot moves from one small circle to the next at a rate of
50 jumps per minute—or one jump every 1.2 seconds. This event rate is slightly lower than that
of a traditional Mackworth Clock Task (60 jumps per minute). This is because the task was
titrated in order to induce a decrement in performance. An event rate of 60 jumps per minute
caused a severe floor effect, while 40 or 45 jumps per minute caused severe ceiling effects.
Therefore, is was determined that 50 jumps per minute was the best event rate. Critical signals
occur when the dot jumps double the distance of a non-critical signal, and the probability of
occurrence was 5%. Participants are responsible for pressing “Skip” and “No Skip” buttons on a
keyboard to indicate whether a single or double jump occurred each time. All other buttons were
removed in order to prevent participants from becoming distracted or accidently aborting the
trial. Requiring that participants respond to both events and non-events differs from the original
Mackworth Clock Task, for which participants only responded to events. However, this
modification enables the identification of different types of errors (false alarms, non-presses, and
misses), and this information is important for later applications in physiological studies. This
task was built as a custom Java program, and collects information about reaction time, the type
of event (jump vs. double jump), and the type of response (skip vs. no skip). The feedback
consisted of a red X for every miss, false alarm, or no key press. The stimuli was presented in the
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center of a 20-inch LCD monitor (E-Series, Dell, Plano, TX, USA), and the participants were
permitted to move the keyboard forward or back for their comfort.
The Operation Span (Ospan) was used to measure participants’ WMC, a widely used
measure which has been empirically shown to be reliable (Unsworth, Heitz, Schrock, & Engle,
2005). It begins with a brief training which teaches individuals how to respond to math questions
and indicate the order of letters. The task itself consists of letters which briefly appear on screen.
After each letter, a math problem is shown and participants are asked to solve the problem in
their head. A possible answer to the math problem is then presented and they must indicate if it is
true or false. After completing this cycle several times, participants are asked to recall which
letters were presented in order. The number of letters and accompanying math problems that that
participant is asked to recall and solve varies throughout the trial. The Ospan is presented on a
laptop with Eprime ERun version 2.0.10 (Psychology Software Tools Inc, Pittsburg, PA, USA).
Aside from the vigilance task and Ospan portions of this experiment, all other measures
are administered via Qualtrics (Qualtrics Inc., Provo, UT, USA). The National Aeronautics and
Space Administration Task Load Index (NASA TLX) is an inventory which measures the
immediate mental demand, physical demand, temporal demand, effort, perceived performance,
and frustration associated with a task—in this case, the Mackworth Clock Task—on a very lowvery high, 21-level Likert scale (Hart & Staveland, 1988). The NASA TLX is used to determine
individuals’ cognitive load subsequent to the experimental trial. NC was measured using the
Need for Cognition Scale (NCS). This is a short inventory which asks participants to rate their
agreement with 18 statements about how much mental stimulation they experience, seek, and
enjoy on a nine-level Likert scale (Cacioppo & Petty, 1982).
9

Design
This study utilizes 2 X 2 between-subjects experimental designs: feedback (present and
absent), and WMC and NC individual differences measures (low and high). The primary
dependent variable of interest is over response accuracy, measured as a percent of correct
detections, throughout the vigilance task. Examinations of the NASA TLX are exploratory.
Accuracy during the training portion of the experiment serves as a control.

Procedure
Upon arrival, participants were asked to silence their cell phones, remove their watches,
put away any food or drinks, and spit out any gum they were chewing. Individuals were also
advised that, if they needed to get a drink of water or use the restroom, it was best to do so prior
to the experiment. Sounds, clocks, chewing, and feelings of discomfort are types of external and
internal distractions which could impact results. They then read an informed consent form, the
general experimental procedure was explained to them, and any questions about participant
rights and responsibilities were answered. They did not need to sign the informed consent, but
copies were made available in case they wanted one for their records.
Once the consent process was complete, the Mackworth Clock task was explained and
they completed two 2.5-minute training sessions. For the training, the signal probability was set
at 10% in order to ensure that participants viewed and responded to a sufficient number of
critical events (i.e. double jumps). The event rate of the actual trial is too low for a brief session.
Once one training session contained feedback, and the other did not. The order was
counterbalanced across subjects. The participants were then asked to reconfirm that they
10

understood what task entailed. If they reported that they did not understand, then it was possible
for the training to be repeated. Only two subjects repeated the training, but they were not
included in the final analyses for other reasons. Only once individuals indicated that they fully
understood how to respond to jumps and double jumps, did the task itself begin. Individuals
completed a 40-minute trial of the Mackworth Clock Task. One condition contained immediate
performance feedback, and the other did not contain any additional information relating to
performance.
At the end of the 40 minute trial, the participants immediately completed the NASA
TLX. Then they were required to take a break during which they were encouraged to stretch,
take a short walk, look at their phones, use the restroom, or get a drink of water. Resting was not
optional. This step is highly important as the carry-over effects from the vigilance task needed to
be minimized while filling out inventories. The NASA TLX is an exception as it is intended to
measure cognitive load in direct response to the task. When the participants were ready to return
to the experiment, they completed the Ospan first, then a demographics questionnaire, then the
NCS. The entire experiment took each participant approximately 1 hour and 45 minutes.

11

Results
Vigilance
Correct detection data were collected and analyzed for a total of 30 participants (18,
males, 12 females). 15 were in the feedback condition, and 15 were in the no feedback condition.
Participants ranged in age from 18-28 years (M = 19.24, SD = 1.91). The means and standard
deviations of correct detection data were obtained from the training sessions, and thereby used to
eliminate 2 outliers. Both of the participants excluded via this criterion did not indicate a single
correct detection, despite completing the training twice, and performed extremely poorly on the
vigilance task itself. Their results indicate that they either did not understand the task, did not put
forth significant effort, or experienced some sort of cognitive or physical struggle that impeded
effective performance. For the participants included in the final analyses, the mean percent of
correct detections over time and the accompanying standard error values are included in Table 1.

Table 1: Percentage Correct Detections and Standard Error Values

As shown in Figure 1, for both conditions, the first 10-minute period of watch was
associated with the highest performance values. These starting values are slightly lower than the
expected, but are still comparatively high. The following periods of watch were characterized by
gradual declines in performance. This general trend coincided with my expectations, as it
corresponds with the traditional vigilance decrements (Mackworth, 1948).
12

One exception to this trend, however, is seen in the final period of watch for the feedback
group which experienced an increase in correct detections when compared to the no feedback
group. This sudden upturn in performance for the feedback group aligns with previous research
(Wiener & Attwood, 1968). The vigilance data were analyzed using a 2 (feedback and no
feedback) X 4 (10, 20, 30, and 40 minutes) mixed analysis of variance (ANOVA). Though the
main effect was small, the feedback group exhibited significant, superior performance when
compared to the no feedback group, F(1,112) = 4.098, p = .045, η2 = .035. Pairwise comparisons
show that the feedback group performed better on the vigilance task overall (mean difference =
.086, p = .045). According the to the omnibus univariate ANOVA, there was no significant main
effect for time F(1,112) = 2.124, p = .101.

Figure 1: Performance on the Vigilance Task
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The false alarm rate was less than 1% in both conditions which is extremely low.
Additionally, nearly all false alarms were immediately prior to misses. Therefore, they were not
analyzed further.

Working Memory Capacity
The participants did not present a uniform distribution of WMC scores. Therefore, it is
not possible to properly divide them into low and high WMC groups for analysis. Ospan values
range from 0 to 75, with 0 representing the lowest possible WMC score and 75 representing the
highest WMC score. Traditionally, low and high WMC individuals are identified as those
contained within the 1st and 4th quartiles. However, all but 2 participants fell within the upper 3rd
and 4th quartiles. Therefore, the distribution of these subjects was drastically shifted to the right
in both the feedback (M = 59.4, SD = 11.13) and no feedback conditions (M = 55.4, SD = 14.77).
In fact, the feedback condition contained no ‘low’ WMC scores at all, and 2 of the 15
participants received maximum scores.
Additionally, in order to determine if individual subjects’ results are reliable, the scores
on the mathematics portion of the Ospan are examined. The mathematics problems which are
used in the Ospan are not particularly challenging as they consist of single digit operations (i.e.,
7 – 4). The instructions also clearly state that maintaining one’s math percentage score at a high
point is important, and after each set round of problems and recall participants are provided with
their current score. Therefore, if individuals do not score at or above 85%, this may be an
indicator that they did not understand the task properly, have a cognitive disability, did not put
effort into their participation, or another issue occurred which was beyond having a low WMC.
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Usually, a few subjects are removed due to this factor. However, no subjects in this sample
scored below 90% on the mathematics portion, and that is highly unusual. Overall, this sample
had a disproportionately large number of ‘high’ WMC individuals relative to the general
population and cannot be analyzed as intended.

Need for Cognition
First, a mixed ANOVA was conducted on the NC scores as a dichotomy of low and high,
with the dependent variable being percentage of correct detections during the entire vigil. The
results were not significant F(1,28) = 0.649, p = .423. However, due to the small sample size, as
well as the uneven split between low and high NC participants (7 in the low NC group and 23 in
the high NC group), a simple linear regression was also performed using the NC scores as a
continuous predictor variable. The results were likewise not significant F(1,28) = .390, p = .537,
R2 = .014, which suggests that NC does not appear to be a predictor of performance on this
vigilance task.

NASA TLX
A multivariate ANOVA was conducted on the 6 subscales of the NASA TLX: mental
demand (MD), physical demand (PD), temporal demand (TD), performance (P), effort (E), and
frustration (F). The results indicate that there was not a significant effect between the feedback
and no feedback conditions F(6,27) = .468, p = .824. However, according to the pairwise
comparisons, perceived temporal demand is approaching significance (mean difference = 2.67, p
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= .08), with those in the no feedback condition reporting greater perceived temporal demand than
those participants in the feedback condition.

Table 2: Means of NASA TLX Subscales

Table 3: Pairwise Comparisons of NASA TLX Subscales
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Discussion
A significant main effect was found between the feedback and no feedback conditions in
terms of performance. As predicted, the feedback group experienced a less severe decrement,
and the percent of correct detections they indicated remained higher than that of the no feedback
group throughout the length of the vigilance task. There was also a slight upturn in performance
at the end of the 40-minute trial in the feedback condition, which aligns with previous findings
from empirical vigilance research (Wiener & Attwood, 1968; Bergum & Lehr, 1963). These
findings contribute additional support to the benefits of KR, and show that providing individuals
with more information about their performance can be helpful in mediating a serious issue in
human-machine interaction. At the same time, these findings are also troubling as immediate
feedback is usually not present in the majority of applied scenarios. When safety, security, and
lives are at stake, even small declines in performance should not be taken lightly. These findings
are also worth considering during the development of studies which are intended to be analogous
to real-life situations.
The participants’ WMC scores were not analyzed for this study as low WMC individuals
were not properly represented in the sample. When a collegiate population is used for a WMC
study, it is common for results to be slightly skewed to the right. However, this sample was
comprised almost solely of unusually high WMC scores, and the feedback condition did not
contain a single low WMC individual. It appears that most of the cognitive fatigue associated
with completing the vigilance task was eliminated by taking a break. However, the Ospan scores
obtained in this study could not be analyzed. This non-uniform distribution may be due to the
fact that the majority of the participants were students majoring in engineering or computer
17

science which is a field that necessitates effective simultaneous processing abilities, as well as
the small sample size relative to most studies pertaining to individual differences in WMC. In
order to eliminate this issue in future studies, participants should be pre-screened based on their
Ospan scores, and only return to complete the vigilance task if they have been identified as
having an empirically determined low (in the 1st quartile) or high (in the 4th quartile) WMC. If,
upon the elimination of this issue, the hypotheses that individuals with a high WMC were to
perform better in the feedback condition than the low WMC individuals were supported, then the
findings would provide additional support to the direct cost model of vigilance and show that
those who are able to process more simultaneous information are the ones who truly benefit from
KR.
The NCS results were also skewed in the negative direction, with only 7 out of the 30
participants identified as having a low NC. This is most likely due to the fact that the sample is
comprised of college students who are paying for and actively seeking educational enrichment
beyond what is mandated by law. When compared to the overall performance on the vigilance
task, no significant interactions were identified. It is possible that NC is not a predictor of one’s
ability to maintain attention during a vigilance task. However, due to the sample size and
underrepresentation of low NC individuals, it is difficult to confirm.
There were also no significant results pertaining to the NASA TLX between conditions.
Neither the feedback nor the no feedback groups indicated that they were experiencing
significantly higher mental workload than the other. Temporal demand was approaching
significance, with individuals in the no feedback condition reporting slightly higher levels of
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mental workload. Though not significant, this finding is logical as having to monitor one’s
performance without the aid of feedback may be mentally taxing.

Future Research
The Mackworth Clock Task is common in laboratory settings. However, it is not visually
analogous to most real-life vigilance scenarios. It was chosen for this study because it is
conceptually simplistic, easy for participants to understand, and presents a good foundation for
future work. However, in regard to drawing conclusions about specific, applied vigilance
scenarios such as long-distance driving, security, and cyber defense, that is best accomplished
with tasks which are more representative of those environments. Therefore, later studies will
utilize a variety of vigilance tasks in order to determine if the conclusions drawn from this study
are truly replicable and generalizable.
Additionally, incorporating psychophysiological measures, such as EEG would provide a
new perspective on vigilance performance which goes beyond response accuracy alone.
Understanding the neurological foundation of sustained attention is important because that
perspective better addresses the issue of performance decrements on an individual level. On a
similar note, it would also be worthwhile to examine additional individual difference measures
which include, but are not limited to, propensity towards mind wandering, baseline stress levels,
and proneness to boredom.

Limitations of Present Research
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This study had several limitations including time, funding, and the availability of
representative student populations. Additionally, the timeslots associated with this study were
relatively long, and receptiveness of the subject pool was inconsistent.

Conclusions
Providing feedback to individuals improves their overall performance on a vigilance task.
Though the decrement itself is not entirely eliminated in the presence of feedback, humans are
better able to modify their performance using their KR because. The WMC and NC individual
differences measures did not yield any significant results. However, in future research, this type
of analysis may greatly benefit from having larger sample sizes, as well as a more even split
between low and high scores on the traits of interest. These findings further emphasize the
benefit of providing feedback to individuals when the tasks they are completing are long,
repetitive, and boring. However, due to the fact that immediate feedback is usually not available
in applied environments, findings such as this should be taken into consideration when
addressing issues relating to human-machine interaction and sustained attention.
Vigilance research is crucial because many mundane, cognitively demanding tasks
directly put personal welfare and public safety at risk. This is because vigilance tasks place
disproportionally challenging—and, in many cases, impossible—performance expectations on
individuals. The resulting iatrogenic state is a fate that few are immune from (Hancock, 2013),
and is characterized by a flurry of stress, anxiety, and cognitive depletion which only exacerbates
the issue. The human factor should never be ignored or replaced entirely (Warm, Dember,
Hancock, 1996). Ultimately, developing a more complete understanding of task characteristics
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(such as the presence or of lack feedback), as well as the role of individual differences in
cognition, facilitates the development of solutions and pushes the plight of individuals and others
who are impacted by these failures in human-machine interaction to the forefront.
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Appendix A: Electroencephalography Measures
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Summary of Additional Introduction
Error-related negativity (ERN) is a type of event-related potential (ERP) that occurs when
an individual percieves that he or she has committed an error. (Falkenstein, Hohnsbein,
Hoormann, & Blanke, 1990; Gehring, Coles, Meyer, & Donchin, 1990). The ERN primarily
occurs at the Cz Brodmann’s region of the scalp, which lies above the anterior cingulate cortex,
as well as its neighboring regions (Luck & Kappenman, 2011). The ERN is occasionally used as
a measure of interest in attention studies, though it is not common in the context of vigilance
research. Therefore, this underexplored measure may provide insight into some of the
physiological responses that underlie sustained attention. Specifically, this portion of the study
attempted to examine individual differences in the amplitude and latency of the ERN waveforms
over time, as well as use the ERN as a tool to determine if people depend on feedback in order to
identify mistakes.

Additional Method
ERN electroencephalographic data was collected using the B-Alert X-10 wireless EEG
system and the accompanying B-Alert Live software. This is a 9-lead, wet set up which uses a
water-soluble electro-conductive gel for signal amplification. The wireless headset rests over the
occipital region of participants’ scalp and is secured with a head strap. The nine leads of this
headset correspond to the F3, Fz, F4, C3, Cz, C4, P3, POz, and P4 Brodmann’s regions. The size
of the strip is determined by measuring the participants’ head with a tape measure, and reference
leads are placed over the mastoid processes. The head strap, strips, tape measure, and headset are
all cleaned and sanitized with isopropyl alcohol between trails. An External Sync Unit (ESU)
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establishes a wireless connection between the EEG headset and software. The goal was to have
timestamped events (keypresses) sent via a serial port to the ESU, which would then be
incorporated into the data within the B-Alert Live software. For each participant, two types of
data were produced: the Mackworth Clock Tasks data collected by the Java program (which
contained information about the type of event, response, and reaction time), and the EEG data
collected by the B-Alert software with timestamps which could later be binned and interpreted in
MATLAB.

Issues & Rectification Attempts
There were two serious issues: the timestamps in the Mackworth Clock Task data output
did not match those in the EEG data, and the number of responses in the Mackworth Clock Task
data output did not match that which represented in the EEG data. For example, one participant’s
Mackworth data indicated that the trial took exactly 40 minutes and there were 1956 keypresses.
Yet, the EEG data indicated that the trial took 47 minutes and 1516 key presses occurred.
Therefore, the packets of information sent via the serial port to the ESU were both delayed and
incomplete. Three strategies were used in an attempt to mediate the issue.
1. Going through the EEG data spreadsheets by-hand.
At first glance, it seemed possible that there was something wrong with the format
in which the EEG data output which was being extracted from the B-Alert software.
It may have been possible that all of the correct information was there, but just
labeled incorrectly or hidden. Upon an extensive, line-by-line search through all of
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the files output by the B-Alert software, it became clear that the correct data was not
there.
2. Manually addition of timestamps
An attempt was made to build an equation in Microsoft Excel which would
manually add timestamps to the EEG data in all of the correct places and adjust for
the time delays. However, this was also a futile effort due to the fact that was
impossible to accurately determine the starting point in the EEG data. ERPs are
highly sensitive to time as they are measured in milliseconds. Even small delays can
have serious consequences. The ERP waveforms which were graphed after using this
technique were nonexistent.
3. Contacting technical support systems outside of the laboratory.
Attempts were made to address this issue with the assistance of several,
experienced programmers both on the UCF campus and from B-Alert. Despite a great
deal of work on the part of many incredibly helpful and dedicated people, no
significant progress was made.

Due to the strict timeline establish by the UCF Honors in the Major Program, as well as
resource constraints, it was determined that this portion of the experiment would be reserved for
a later date.
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